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ABSTRACT 
 
 
 
 
A pre-cut column from the Palm Oil Fractionation Plant is one approach to the 
distillation of fatty acids. This research aim to develop dynamic Pre Cut Column model 
using ASPEN and incorporate control system into distillation column model. The scope 
of this study is to learn how to use dynamic simulators by simulating Pre Cut Column in 
steady-state condition and moving to a dynamic simulation, then applying PID 
(proportional-integral-derivative) control system as an effective control system for 
continuous processes. For designing the precut column, the method that must be 
concerned are specifying chemical components and physical properties, specifying 
stream properties and specifying equipment parameters before running the simulation. 
PID controllers are the controller of choice for controlling the precut column because 
PID system is a balancing act with all terms interacting. Integral feedback Element (I) is 
added to the proportional element to provide a means for eliminating a changing offset 
in a non linear system and to slow down the reaction to allow for the time delays in the 
system. Derivative feedback element (D) is added to provide a means of reducing 
sudden changes in the output and will provide a faster response to step functions and 
transients. The result was in steady state simulation of precut column and the 
parameters of controllers were identified from dynamic responses. Dynamic simulation 
has become increasingly important as processes become more complex and are 
designed and operated closer to constraints.  
 
  
ABSTRAK 
 
 
 
Salah satu pendekatan kepada penyulingan asid lemak adalah melalui ‘Precut 
kolom’ daripada Pelan Pemecahan Kelapa Sawit. Matlamat projek ini adalah untuk 
membangunkan dinamik kolom Precut menggunakan ASPEN Model dan 
menggabungkan sistem kawalan kepada Model kolum penyulingan. Skop pembelajaran 
ini adalah untuk mempelajari bagaimana menggunakan simulasi dinamik dengan 
mensimulasikan kolom Precut dalam keadaan fasa tetap dan memindahkan keadaan 
tersebut kepada fasa dinamik. Selepas itu mengaplikasikan system kawalan ‘PID 
“(proportional-integral-derivative)” sebagai sistem kawalan efektif untuk process 
berterusan. Bagi rekaan kolom Precut, cara-cara rekaan mestilah diambil kira dari segi 
menspesifikasikan komponen-komponen kimia dan sifat fizikal, menspesifikasikan sifat 
aliran serta parameter alatan sebelum menjalankan simulasi. Kawalan PID merupakan 
pilihan terbaik untuk mengawal kolom Precut kerana sistem PID dapat mengimbangi 
penetapan dan terma pengaruh. Elemen “Integral” (I) ditambah kepada elemen 
“Proportional” (P) untuk meghasilkan pertengahan dan mengelakkan perubahan 
keseimbangan dalam sistem tidak linear serta memperlahankan reaksi untuk 
memberikan kelambatan masa dalam system. Ini akan mengurangkan ‘overshoot’ dalam 
system kawalan Proportional secara praktikal. “Derivative” (D) elemen ditambah untuk 
menghasilkan pertengahan bagi mengurangkan perubahan yang mendadak pada output 
serta menghasilkan tindakbalas yang cepat kepada fungsi pergerakan dan sementara. 
Keputusan terhasil adalah rekaan yang dispesifikasikan dengan alatan diperlukan untuk 
kolom Precut.dan parameter kawalan diperkenalkan daripada respon dinamik. Simulasi 
dinamik menjadi semakin penting sejajar dengan proses yang semakin komplek serta 
rekaan dan operasi yang terbatas.  
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
Distillation is and will remain in the twenty-first century the premier 
separation method in the chemical industries. Distillation represents the backbone of 
what distinguishes chemical engineering and uniquely under the purview of 
chemical engineers. The analysis, design, operation, control and optimization of 
distillation columns have been extensively studied for almost a century (Luyben, 
2002). 
 
Initially most engineers wrote their own programs to solve both nonlinear 
algebraic equations that describe the steady-state operation of distillation column 
and the nonlinear ordinary differential equations that describe its dynamic behavior. 
The advancements in computer technology provide the very fast computers 
requirements so; lots of commercial steady-state simulators and dynamic simulators 
were developed (Luyben, 1990). 
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Aspen software is a simulation tool for multi-engineering purposes to enable 
users to develop dynamic models quickly for their processes. Aspen is designed to 
operate as automatically as possible, while allowing the user to have some control 
over the Quality Control (QC) methods. For instance, as soon as the user selects a 
sounding file for processing, the data is brought into Aspen and automatically 
analyzed. If the processing needs to be modified, the user can change the QC 
parameters and reprocess the data as many times as necessary. 
 
Dynamic simulation is generally used to make stability, operability and 
control analysis. So, dynamic simulation is a rational way to consider dynamic 
interactions and the design of modern control system. It also helps managers and 
engineers link business operations to process operations. It uses simulation to guide 
in developing the optimum economic steady-state design of distillation systems. 
Then it uses simulation to develop effective control structures for dynamic control. 
Questions are addressed as where to locate temperature control trays and how excess 
degrees of freedom should be fixed (Luyben, 2006). 
 
The objective of performing the design and control analyses is to optimize 
the economics of the project in evaluating the enormous number of alternatives. The 
hierarchical design procedure proposed by Douglas (1988) is a way to approach this 
task. The control engineer then must devise the control strategies to ensure stable 
dynamic performance and to satisfy the operational requirements. The objective is to 
operate the plant in the face of potentially known and unknown disturbances, 
production rate changes and transition from production to another. 
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1.2 Problem Statement 
 
In this work the phenomena consisting on heat and mass transfer occurring in 
a real column distillation process is translated into a quantitative mathematical 
model. This is because of the very large number of equations needed for the rigorous 
description the calculations are made, with the help of a personal computer and by 
using some integration method. Therefore, the simulator can mimic the nonlinear 
behavior of that system which can use it as an unknown plant which needs to be 
controlled.  
 
Process simulation with Aspen Plus allows used to predict the behavior of a 
process using basic engineering relationships such as mass and energy balances, 
phase and chemical equilibrium and reaction kinetics. Given reliable thermodynamic 
data, realistic operating conditions and the rigorous Aspen Plus equipment models, 
they can simulate actual plant behavior. This application delivers the benefits of 
dynamic modeling throughout the plant operation and engineering organizations. 
Increased operability, safety and productivity can be achieved because Aspen 
Dynamics reproduces the dynamics of real plant operation. 
 
 
1.3 Research Objectives 
 
 The main objectives of this research are to develop dynamic Pre Cut Column 
model using Aspen software and to incorporate control system into distillation 
column model using Aspen Dynamics. 
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1.4 Scopes of Research 
 
The scopes of the research are:- 
a) To learn how to use dynamic simulators by starting with the basic simulation by 
simulating Pre Cut Column in steady-state condition. Then go through the 
learning the basic operations of moving from steady-state simulation to a 
dynamic simulation.  
b) To develop a process design which are “conceptual design”, preliminary design 
and “detailed design”. 
c) Applying PID (proportional-integral-derivative) control system as an effective 
control system for continuous processes that performs two control tasks.  
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CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
2.1 Distillation 
 
The separation process known as distillation is a method for separating the 
various components of a liquid solution which depends upon the distribution of 
these components between a vapor phase and a liquid phase. All components are 
present in both phases. The vapor phase is created from the liquid phase by 
vaporization at the boiling point (Geankoplis et al., 2003).  
 
Distillation accounts for approximately 95% of the separation system used 
by the refining and chemical industry (Hurowitz et al., 2003). It has a major impact 
upon the product quality, energy consumption and plant throughout of these 
industries. Maintaining the product quality within specification is the usual policy in 
industry and it is very difficult to control the process at the desired target. The 
sensitivity of product quality to disturbances decreases as impurities are reduced. 
According to Shinskey (1984), 40 percent of the energy consumed in the plant 
allocated to distillation. 
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Distillation columns are fairly complex units. Their dynamics are a mixture 
of very fast liquid flowrate changes, slow temperature changes and very slow 
composition changes. The manipulated variables often have constraints because of 
column flooding limitations or heat exchanger limitations (Luyben, 2002). 
Distillation control is a challenging endeavor due to (Hurowitz et al., 2003): 
a) The inherent nonlinearity of distillation. 
b) Severe coupling present for dual composition control. 
c) Non-stationary behavior. 
d) The severity of disturbances. 
 
More work has appeared in the chemical engineering literature on distillation 
column control than on any other unit operation. The long term popularity of 
distillation control is clear evidence that this is a very important and challenging 
area of process control. Most chemical plants and all petroleum refineries use 
distillation columns to separate chemical components. Distillation is undisputed king 
of the separation processes (Luyben et al., 1999). 
 
 
2.1.1 Application of Distillation 
 
Distillation is a method of separating chemical substances based on 
differences in their volatilities in a boiling liquid mixture. Distillation usually forms 
part of a larger chemical process, and is thus referred to as a unit operation. 
 
Commercially, distillation has a number of uses. It is used to separate crude 
oil into more fractions for specific uses such as transport, power generation and 
heating. Water is distilled to remove impurities, such as salt from sea water. Air is 
distilled to separate its components notably oxygen, nitrogen and argon for industrial 
use. The use of distillation on fermented solutions to produce distilled beverages 
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with higher alcohol content is perhaps the oldest form of distillation, known since 
ancient times (Banks, 1998). 
 
The application of distillation can roughly be divided in four groups: 
laboratory scale, industrial distillation, distillation of herbs for perfumery and 
medicinal (herbal distillate) and food processing. The latter two are distinct from the 
former two, in that in the distillation is not used as a true purification method, but 
more to transfer all volatiles from the source materials to the distillate. Large scale 
industrial distillation applications include both batch and continuous fractional, 
vacuum, azeotropic, extractive and steam distillation. The most widely used 
industrial applications of continuous, steady-state fractional distillation are in 
petroleum refineries, petrochemical and chemical plants and natural gas processing 
plants. 
 
 
2.2 Precut Column 
 
Different approaches to the distillation of fatty acids have been reported in 
literature and patents and have successfully been practiced in the production scale. 
The aims of the existing technologies is to separate different kinds of by-products 
from the fatty acids, namely partial glycerides from incomplete fat splitting and 
other high boilers, metals (e.g. from catalysts), color bodies and odor substances. 
 
The present invention provides a new process for obtaining fatty acids with 
improved color, odor and heat stability. In a first step the crude acids are fed to a 
precut column in order to remove low boiling by-products being present in the 
starting material as a top fraction. In a second step the bottom fraction of the precut 
rectification column is fed to a sidestream column in order to obtain the pure fatty 
acids as the side fraction, to remove low boiling by-products which have been 
formed in the course of the first distillation as a top fraction and to remove high 
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boiling by-products, either being present from the starting material or formed during 
the first distillation, with the residue. Preferably, the precut rectification column and 
the side column each comprise a rectifying section and a stripping section. 
(Lausberg and Nataly, 2006). 
 
2.2.1 Process Description of Precut Column 
 
 The Fatty Acid fractionation unit consists of a Precut column, Light Cut 
column, Middle Cut column, Still and Residue Still connected in series. The feed to 
the plant is either Palm Kernel Oil (PKO) or Palm Stearine. All the distillation 
columns operate at highly vacuum condition generated using steam ejectors. The 
columns are packed with structured packing to provide the desired separation 
properties. The schematic diagram of the plant is presented in the Figure 2.1. 
 
 
Figure 2.1: Schematic diagram of fractionation process 
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 The Dehydrated Crude Fatty Acid (DCFA) from PKO contains all fatty acid 
fractions from C6 to C18, plus a residue. The various fractions are separated into the 
following components:  
a) C10 and lighter cut, recovered as distillate in the Precut Column  
b) C12 cut, recovered as distillate in the Light Cut Column  
c) C14 cut, recovered as distillate in the Middle Cut Column  
d) Mixed C16 and C18 cut, recovered as distillate in the Still  
e) Pitch, recovered as bottoms in the Residue Still (the Residue Still Distillate 
being recycled to the Still). 
 A pre-cut column from the Palm Oil Fractionation Plant is chosen as a study 
column. The hydrogenated DCFA feed from the Hydrogenated Unit or from storage 
is filtered and heated successively by DCFA in a preheater and by hot oil in a feed 
heater and put through a dryer-deaerator where air and water are removed by 
vacuum. It is then flashed into the Precut column. The vapours, consisting of C6, C8 
and C10 fractions, are condensed by direct contact in the pumparound section of the 
column. The condensed distillate is pumped by the reflux pump and cooled by 
cooling water in the condenser before being returned to the top of the pumparound 
section. Part of the hot distillate is sent as reflux to the rectification section of the 
column. The net distillate is pumped to storage under level control. The bottoms are 
pumped by the bottom pump and heated by the hot oil, under pressure to suppress 
vaporization in the reboiler. The net bottom product is pumped, to the Lights Cut 
Column. Vacuum is maintained at the top of the column by the second stage of the 
Precut column ejector. Figure 2.2 shows schematic diagram of precut column (Chen, 
2005). 
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Figure 2.2: Schematic diagram of pre cut column 
 
 
 
2.3 Dynamic Simulation 
 
Simulation is the construction and use of a computer- based representation or 
rigorous model, of some part of real world as a substitute vehicle for experimental 
and behavior prediction. Digital simulation is recognized as a powerful tool for 
solving the equations that represent a real system. Over the years specialist 
simulation software has been developed and is extensively marketed by commercial 
organizations. In theory, these simulation languages relieve the engineer of knowing 
anything about numerical integration. Therefore, these packages make it easier for 
the engineer to set up and solve the problems (Basualdo, 1990). 
 
Dynamic Simulation has become increasingly important as processes more 
complex and are designed and operated closer to constraints. Increasing yields and 
suppressing the formation of undesirable and environmentally friendly by-products 
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are often achieved by using complex flow sheets with many recycle streams. 
Increasing energy costs keep pushing design engineers towards more heat 
integration. All of these trends make dynamic control more difficult and dynamic 
simulation more important (Luyben, 2002). 
 
Ideally the dynamics of the process should be considered at very early stages 
of the development of a process. Certainly at the pilot-plant stage, trade-offs 
between design and control should be explored, and basic regulatory control 
structure should be developed and tested. The engineering time expended at the 
early stages can reap enormous economic benefits later in the project in term of 
rapid, trouble-free startups, reduced product-quality variability, less-frequent 
emergency shutdowns, reduced environmental contamination and safer operation. 
 
The purpose with the dynamic simulations is to make a comparison with the 
real experiments. This comparison can only be made if the simulation and real 
experiments experience the same condition. Dynamic plant simulation is a powerful 
tool that helps engineers and managers link business operations to process 
operations and faces the challenging as state above. 
 
Process engineers routinely address difficult manufacturing and production 
issues. Unfortunately, experience alone is not always sufficient to answer the 
questions that continually arise and ‘trial and error’ efforts to provide meaningful 
insight are usually cost-prohibitive if not occasionally risky. 
 
For most companies the benefits of using simulation go beyond simply 
providing take a look into the future. These benefits are mentioned by many authors 
(Banks et al., 1996; Law and Kelton, 1991; Pegden et al., 1995 and Schriber, 1991). 
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2.4 Aspen Software 
 
 Lots of different digital simulation software packages are available on the 
market. Modern tools are numerically powerful, highly interactive and allow 
complicated types of graphically and numerical output. Many packages also allow 
optimization and parameter estimation. Table 2.1 below listed some of the available 
software that can be used for simulation process. This software were discussed by 
Banks (1998). 
 Table 2.1: List of Available Software for Simulation 
SOFTWARE COMPANY 
AspenPlus/AspenDynamics Aspen Technology 
HYSIS Hyprotech Inc. 
Dymola Dynasim 
GPSS/H Wolvrine Software Corporation 
SLX Wolvrine Software Corporation 
SIMSCRIPT II.5 CACI Products Company 
AweSim Symix (formerly Pritsker Corporation) 
SIMPLE++ AESOP Corporation 
Extend Imagine That Inc. 
  
 There are several commercial software packages that have dynamic 
capability. The two most widely used are “HYSIS” from Hyprotech Inc. and 
“AspenPlus /AspenDynamic” from Aspen Technology. But justAspenPlus 
/AspenDynamic simulator will be used in this project.  
 
For the dynamic simulation using Aspen software, dynamics products enable 
comprehensive dynamic plant modeling to evaluate design for profitability, 
operability, safety, and to improve existing plant operation over their lifecycle. By 
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linking dynamic modeling, fast start-ups, optimum feed switch strategies, detailed 
unit and plant wide performance improvements, and optimal safety of the plant, can 
be accomplished. Although these simulators are far from perfect, they do provide a 
reasonably effective tool for studying process dynamics (Luyben, 2002). 
 
 
2.4.1 Aspen Dynamics 
 
 Aspen Dynamics complements the steady-state simulation capabilities of 
Aspen Plus and delivers the benefits of dynamic modeling to the Petrochemicals, 
Chemicals, and Specialty Chemicals industries throughout plant operation and 
engineering organizations. 
 
In the chemical process industries, operational efficiencies, production 
economies, product quality and, ultimately, bottom line performance can be 
adversely affected by a multitude of factors. Many of these factors are extremely 
complex and subject to varying degrees of unpredictability. To avoid production 
delays, downtime or off-spec product, process manufacturers require cost-effective 
tools that help identify and correct anticipated problems before they occur. 
 
To understand the dynamic behavior of a complex chemical process, process 
manufacturers require a dynamic process simulator. Aspen Dynamics is a state-of-
the-art solution designed specifically for dynamic process simulation. Aspen 
Dynamics is tightly integrated with Aspen Plus AspenTech steady-state simulator 
for the chemical process industries. This integration enables users to use an existing 
Aspen Plus steady-state simulation and quickly create a dynamic simulation. This 
enables users to fully leverage their existing investments in steady-state Aspen Plus 
models and ensures consistency with their steady-state simulation results. 
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Aspen Dynamics is built upon proven technologies, with more than 20 years 
experience supplying dynamic simulation tools to the chemical process industries 
and provides the following features (AspenTech, 1994): 
1. 3-phase and reactive distillation, including user-specified reaction kinetics.  
2. Rigorous modeling of distillation column hydraulics and pressure drop for 
both tray and packed columns.  
3. Vapor holdup modeling that ensures accurate results for high-pressure 
processes (including processes with high-pressure distillation columns) and 
applications such as pressure relief. 
4. Option to choose simpler flow-driven simulations or more rigorous pressure-
driven simulations. Pressure-driven simulations relate the flows around the 
flowsheet to the pressures in each unit operations. This capability is essential 
for simulation of pressure relief, steam networks, compressor systems and 
many other applications.  
5. Usage of the physical property models and data available in Aspen Properties 
“AspenTech™s physical property system“ to facilitate consistent use of 
properties across the enterprise. Dynamic simulations use continuously 
updated local property correlations to deliver high performance without loss 
of accuracy.  
6. Support for polymer processes via Polymers Plus® “ AspenTech™s  general-
purpose polymer process modeling system. 
7. Open models created using Aspen Custom Modeler® “ AspenTech™s model 
authoring technology “ to enable companies to capture their specific expertise 
and proprietary knowledge.  
8. Several models and other features for simulation of pressure relief systems, 
including pipe, bursting disk and pressure safety valve models. The stirred 
tank reactor can model frothing and liquid carryover in the relief.  
9. Advanced, equation-based solution techniques and state-of-the-art numerical 
methods to ensure fast, reliable and accurate simulation solutions. The 
implicit integrator ensures stable solution of the dynamic simulation and 
varies the integration step to ensure accuracy while maximizing performance. 
10. A dynamic optimizer for quick and easy dynamic optimization of 
conventional unit operations and processes.  
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With applications across the chemical process manufacturing lifecycle, 
Aspen Dynamics helps companies improve productivity and profitability. Its 
dynamic models are useful throughout the operational life of the plant, thus 
extending the value of engineering completed during the design phase. Aspen 
Dynamics supports concurrent process and control design, which helps reduce 
capital costs, lower operating costs, improve plant safety and prevent control 
problems. 
 
 
2.5 PID Control Systems 
 
PID is an enhanced feedback system designed to determine the overall 
system behavior. A simple feedback system comprises a single feedback path and is 
proportional only as shown in Figure 2.3. 
 
Figure 2.3: A simple feedback system 
 
Feedback systems are used to reduce or eliminate errors. In a typical PID 
installation, a set point and the PID feedback systems works to keep the output value 
equal to the setpoint value. It is possible for the setpoint value to be a changing 
value, but this can add complication. An ideal system would have a linear transfer 
function, zero phase shift and zero delay. Under these conditions, a proportional 
control is all that is needed. A real world system commonly has a non linear transfer 
function (pumping is a classic case) and there can be a considerable delay between 
the "action" and the "reaction" (measured value). If a purely proportional control is 
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applied under these conditions, there will be overshoot and oscillations and it will 
not be possible to achieve a stable output over the whole control range. 
 
The PID controller is a three term controller incorporating a Proportional 
feedback element (P), an Integral feedback Element (I) and a Derivative feedback 
element (D). The Integral element is added to the proportional element to provide a 
means for eliminating a changing offset in a non linear system, and to slow down the 
reaction to allow for the time delays in the system. This will reduce the overshoot 
experienced in the practical proportional control system. The derivative element is 
added to provide a means of reducing sudden changes in the output and will provide 
a faster response to step functions and transients (Seborg, et al., 2004). 
 
Setting up a PID system is a balancing act with all terms interacting. 
Excessive Integral gain will slow the response rate excessively and may result in the 
output moving with load changes. Insufficient integral gain will cause the output to 
overshoot and oscillate around the set point. Excessive derivative gain will result in 
instability with severe oscillation around the set point. The derivative gain should be 
used sparingly to improve transient performance, and is best added in only after the 
proportional and integral gains have been set for best performance. The derivative 
gain can then be slowly increased to the point of best stability of the output. 
 
In theory, a controller can be used to control any process which has a 
measurable output, process variables (PV), a known ideal value for that output, set 
point (SP) and an input to the process, manipulated variable (MV) that will affect 
the relevant PV. Controllers are used in industry to regulate temperature, pressure, 
flow rate, chemical composition, level in a tank containing fluid, speed and 
practically every other variable for which a measurement exists. Due to their long 
history, simplicity well grounded theory and simple setup and maintenance 
requirements, PID controllers are the controller of choice for many of these 
applications (Seborg et al., 2004). 
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2.5.1 PID Controller Theory 
 
The PID control scheme is named after its three correcting terms, whose sum 
constitutes the output. Hence: 
 
    
 (2.1) 
Where Pout, Iout, and Dout are the contributions to the output from the PID controller 
from each of the three terms, as defined in the next section (Seborg et al., 2004). 
 
2.5.1.1 Proportional Term 
 
 The proportional term makes a change to the output that is proportional to 
the current error value. The proportional response can be adjusted by multiplying the 
error by a constant Kp, called the proportional gain. 
The proportional term is given by:  
       
 (2.2) 
Where 
· Pout: Proportional output 
· Kp: Proportional Gain, a tuning parameter 
· e: Error = SP − PV 
· t: Time or instantaneous time (the present) 
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 A high proportional gain results in a large change in the output for a given 
change in the error. If the proportional gain is too high, the system can become 
unstable (See the section on Loop Tuning). In contrast, a small gain results in a 
small output response to a large input error, and a less responsive (or sensitive) 
controller. If the proportional gain is too low, the control action may be too small 
when responding to system disturbances. 
 In the absence of disturbances pure proportional control will not settle at its 
target value, but will rather move towards the setpoint, but will retain a steady state 
error that is a function of the proportional gain and the process gain. Despite the 
steady-state offset, both tuning theory and industrial practice indicate that it is the 
proportional term that should contribute the bulk of the output change (Seborg et al., 
2004). 
 
2.5.1.2 Integral Term 
The contribution from the integral term is proportional to both the magnitude 
of the error and the duration of the error. Summing the instantaneous error over time 
(integrating the error) gives the accumulated offset that should have been corrected 
previously. The accumulated error is then multiplied by the integral gain and added 
to the controller output. The magnitude of the contribution of the integral term to the 
overall control action is determined the integral gain, Ki. 
The integral term is given by: 
      (2.3) 
Where 
· Iout: Integral output 
· Ki: Integral Gain, a tuning parameter 
· e: Error = SP − PV 
· τ: Time in the past contributing to the integral response 
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 The integral term (when added to the proportional term) accelerates the 
movement of the process towards setpoint and eliminates the residual steady-state 
error that occurs with a proportional only controller. However, since the integral 
term is responding to accumulated errors from the past, it can cause the present 
value to overshoot the setpoint value (cross over the setpoint and then create a 
deviation in the other direction). For further notes regarding integral gain tuning and 
controller stability, see the section on Loop Tuning (Seborg et al., 2004). 
 
2.5.1.3 Derivative Term 
 
 The rate of change of the process error is calculated by determining the slope 
of the error over time (i.e. its first derivative with respect to time) and multiplying 
this rate of change by the derivative gain Kd. The magnitude of the contribution of 
the derivative term to the overall control action is determined the derivative gain, Kd. 
The derivative term is given by: 
       
 (2.4) 
Where 
· Dout: Derivative output 
· Kd: Derivative Gain, a tuning parameter 
· e: Error = SP − PV 
· t: Time or instantaneous time (the present) 
 The derivative term slows the rate of change of the controller output and this 
effect is most noticeable close to the controller setpoint. Hence, derivative control is 
used to reduce the magnitude of the overshoot produced by the integral component 
and improve the combined controller-process stability. However, differentiation of a 
signal amplifies noise in the signal and thus this term in the controller is highly 
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sensitive to noise in the error term, and can cause a process to become unstable if the 
noise and the derivative gain are sufficiently large (Seborg et al., 2004). 
 
2.5.1.4 Summary 
 
 
 The output from the three terms, the proportional, the integral and the 
derivative terms are summed to calculate the output of the PID controller. Then 
defining u(t) as the controller output, the final form of the PID algorithm is: 
  
 (2.5) 
and the tuning parameters are 
1. Kp: Proportional Gain - Larger Kp typically means faster response since the 
larger the error, the larger the feedback to compensate. An excessively large 
proportional gain will lead to process instability. 
2. Ki: Integral Gain - Larger Ki implies steady state errors are eliminated 
quicker. The trade-off is larger overshoot: any negative error integrated 
during transient response must be integrated away by positive error before 
we reach steady state. 
3. Kd: Derivative Gain - Larger Kd decreases overshoot, but slows down 
transient response and may lead to instability. 
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2.6 Sensitivity Analysis 
Fatty acids production important process in the Palm Oil Fractionation Plant, 
whose process flowsheets consist of a Precut column followed by a sequence of 
fractionation columns. In general, Pre Cut column has a complex behavior, such as 
high non-linearity due to complex kinetics and thermodynamic models, strong input-
output interactions, steady state multiplicity, high potential to instability, sensitivity 
to disturbances, etc. However, the complexity of the Pre Cut column process is 
known to create unusual responses to changes in operating variables. 
 
Many of these effects are related to the phenomenon of multiplicity of steady 
states (which occurs as either input or output multiplicity) and have significant 
implications on the effectiveness of operability and control schemes. On the other 
hand, from a thermodynamic point of view, as the driving force is increased, the 
separation becomes easier, the energy consumption is reduced and the control 
requirement becomes easier. Moreover from a control point of view, it is reported 
that passive systems are easy to control and a passive state, in chemical processes, is 
related to state of minimum entropy production (Coffey et al., 2000). Thus, analyses 
of both steady state and dynamic behavior, together with thermodynamics concepts, 
facilitate the studies related to process operation, control, monitoring and 
optimization of the plant.  
 
Young and Yan (1991) present a preliminary study of the sensitivity analysis 
for dynamic systems with emphasis on its applications to structural control. 
Definitions are first given for different sensitivity functions in the time and the 
frequency domains. Since most physical quantities of dynamic systems cannot be 
expressed in analytical forms, he introduces an indirect approach to determine their 
sensitivity derivatives from the sensitivity equations derived from governing 
equations.  
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A direct application of the sensitivity analysis can be found in the integrated 
control and optimization in which design variables and control variables are treated 
equally as the system parameters active in optimization. An extensive review and 
evaluation of the existing techniques in this area are given to identify a feasible 
algorithm for future improvements. Finally, a new control algorithm, called 
optimization based instant control, is proposed for those systems subjected to 
general deterministic or random excitations. Unlike the conventional algorithm, the 
optimal control is designed and implemented according to instant information of the 
excitations. The important feature of this approach is that the original optimal 
control becomes a problem of static parameter optimization. 
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CHAPTER 3 
 
 
 
METHODOLOGY 
 
 
 
3.1 Introduction 
 
 Every simulation study begins with a statement of the problem. The task is 
recognizing, which is to develop a dynamic simulation of Pre Cut Column. The first 
step of simulation process is gathering or collecting data for each of the equipment 
and operation condition that will be used in the simulation. These data are very 
important, because it will be filled in the dialog box during the simulation process. 
This simulation will be run in Aspen Software. Later the control system is installed 
into distillation column model. Figure 3.1 is the summary of the methodology of the 
project. Finally, all the process and the achievement results will be recorded in a 
report. 
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      Figure 3.1: Flow chart for Simulated Pre Cut Column 
 
3.2  Data Collection 
 
 Firstly, data will be collected from a manufacturing company from Palm Oil 
Industry and has the information that will be needed for the input parameters to the 
model. These raw data will provide a basis for establishing the model’s input 
parameters and will help identify those input parameters requiring more precise data 
collection. The data that needed here is one that related to the equipment that we 
used in the simulation process. This information data is the variables that use in the 
Pre Cut Column such as plate spacing, number of actual tray, actual feed position 
and etc. 
 
 
 
 
 
Data Collection 
Simulation Process 
Control System Development 
Data Analysis 
